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Summary
The BOREAS TF-11 team gathered a variety of data to complement its tower flux measurements collected at the SSA-Fen site. The data described in this document were made by the TF-11 team at the SSA-Fen site to quantify the effect that the films observed to form on open water surfaces had on the transfer of carbon dioxide and methane from the water to the air. Measurements of fluxes of carbon dioxide and methane were made in 1994 and in 1996 using the chamber flux method. A gas chromatograph and a LI-COR LI-6200 were used to measure concentrations and to calculate the fluxes. The data are stored in tabular ASCII files. 
Data Set Introduction
This data set was collected by the Tower Flux (TF)-11 team at the BOReal Ecosystem-Atmosphere Study (BOREAS) Southern Study Area (SSA)-Fen site to quantify the effect that the films observed to form on open water surfaces had on the transfer of carbon dioxide and methane from the water to the air. Measurements of fluxes of carbon dioxide and methane were made in 1994 and in 1996 using the chamber flux method. A gas chromatograph (GC) and a LI-COR LI-6200 were used to measure concentrations and to calculate the fluxes.
Objective/Purpose
The objectives of this study were to quantify the effect of the film that forms on the water surface of the SSA-Fen on fluxes of carbon dioxide and methane and to investigate the growth dynamics of the film after it has been broken up or destroyed.
Summary
of Parameters In this study, fluxes of carbon dioxide and methane were measured as functions of the time since the film was removed from the water surface. These measurements allowed the investigator to determine how much the film inhibited fluxes from the water surface and how quickly it reformed.
1.5 Discussion During the Intensive Field Campaigns (IFCs) of the 1994 BOREAS campaign, the TF-11 team noticed that an oily-looking film formed on the surface of standing water in the SSA-Fen. Initially, this film was very thin and resembled an oil slick. With time, the film grew thicker and lost the rainbow-like interference colors associated with new, thin films. We also noticed during IFC-2 that during periods of rain, the instantaneous concentrations of methane and carbon dioxide showed large spikes, and that after the rain, the fluctuations were much larger than before the rain. This led us to speculate that the film was "capping" the water surface and causing an excess of dissolved gases (compared to a clean surface). The rain caused the film to break up, releasing the excess gas. Further, the agitation of the surface caused by the raindrop impacts caused even more gas to be released to the atmosphere.
After the rain, the water surface was clean with no capping film, and gas continued to be released to the atmosphere at a rate in excess of that when a film was present. We attempted to test this hypothesis in 1994, using the components of the chamber flux system that we were employing for other parts of our program. In this experiment, we placed a flux chamber collar in an area of standing water and removed any vegetation above the water surface. The collar was left undisturbed for several days until a thick film had formed in it. We then carefully placed a flux chamber over the collar and collected syringe samples according to our standard sampling protocol. After this first flux measurement, the chamber was removed and the film was gently "blotted" away from the surface with paper towels. The chamber was then replaced on the collar, and a second set of syringe samples was collected. The fluxes of methane and carbon dioxide calculated from these samples indeed showed that the film was affecting the movement of material to and from the surface. In 1996, we mounted a low-intensity effort to further quantify this effect and to explore the regrowth dynamics of the film. A LI-COR LI-6200 portable photosynthesis analyzer and a LI-COR l-liter soil flux chamber were used to measure carbon dioxide fluxes from the water surface (at the SSA-Fen site) as a function of time since removal of the film. A GC was also set up to attempt to measure the effect of the film on methane, but problems with the GC limited this effort to only one set of carbon dioxide and methane fluxes. 
Theory of Measurements
A LI-COR LI-6200 soil chamber was placed on polyvinylchloride (PVC) collars that were mounted in the fen such that the upper lip was just above the water surface. Soft foam tape ensured that a gas-fight seal was maintained.
The soil chamber was a metal cylinder that had a volume of 1,149 cubic cm and a cross-sectional area of 72.38 square cm. The larger chamber used for the GC measurements was a rectangular parallelepiped formed by aluminum angle pieces. The walls of the chamber were made of transparent Aclar plastic (impervious to carbon dioxide and methane). The chamber was 40.5 cm tall and 31.3 cm x 31.3 cm in cross-section.
Like the LI-COR chamber, this too was sealed to a collar planted in the fen by soft foam and spring clamps. A small-diameter plastic tube with a syringe valve that extended through one of the comer structural pieces allowed for gas sampling.
Equipment

Sensor/Instrument
Description The instruments used for this experiment were a LI-COR LI-6200 portable photosynthesis analyzer and a Shimadzu GC8 GC equipped with a Flame Ionization Detector (FID), a Shimadzu methanizer, a Shimadzu Chromatopak integrator, and a precision sample injection valve. The LI-6200 was used with a l-liter soil flux chamber.
4.1.1
Collection Environment Measurements were made between 15:00 and 24:00 Greenwich Mean Time (GMT) (9:00 to 18:00 local time). No measurements were made during periods of rain. Air temperature in the LI-6200 chamber ranged between 17°C and 27°C.
Source/Platform
The LI-6200 flux chamber was placed on PVC collars anchored into the peat with approximately 2 cm protruding above the water surface. The flux chambers used with the GC-FID instrument were mounted on stainless steel collars that were also fixed into the peat. 4.1.6 Sensor/Instrumentation Measurement Geometry The LI-6200 collars were located approximately 0.5 meters from either side of the main boardwalk, about 60 meters from the shore. Four collars were used. Collars 1, 2, and 3 were located on the south side of the boardwalk and collar 4 was on the north side. The bottom of collar 1 rested on moss, and the bottoms of the other collars were above the moss surface. Collar 3 was placed in an area where water was observed to flow from north to south. Collar 4 was suspended in deeper water, inside one of the GD-FID flux collars. The two GC-FID flux collars were similarly located, with one on the north side of the boardwalk and one on the south side. All above-surface vegetation was removed from all collars. 
Manufacturer
Calibration
The LI-6200 was calibrated by first allowing the instrument to warm up for 30 minutes. After this, the soil chamber was placed on a plastic-covered, flat surface to seal it off from the ambient atmosphere.
The airflow was switched to pass through a soda lime "scrubber" column and analyzed. The instrument offset was then adjusted to read zero. The scrubber was then bypassed, and gas from a calibrated cylinder (348.6 ppmv) was introduced into the chamber with a 1/4" diameter tube. The instrument span was then adjusted to match the cylinder concentration value. The procedure was then repeated to verify the calibration.
The GC-FID was calibrated by allowing it to warm up for 30 minutes and then injecting calibration gas. The calibration gas used was a 50% mixture of a precision calibration mix (Scott Gases 1% carbon dioxide and 1% methane) with ambient air. The results from two injections were averaged, and calibration coefficients were automatically calculated by the GC-FID system. After this procedure, several injections of the same calibration mixture were measured to ensure instrument stability.
4.2.1 Specifications None.
4.2.1.1 Tolerance Thecarbondioxidefluxesmeasured with theLI-6200 arebelievedto haveerrorbarsof between 10%and20%of the flux value.
Frequency of Calibration
TheLI-6200 wascalibratedin themorning,beforemeasurements began. At mid-daythe calibrationwascheckedandadjustedif necessary. Finally, attheendof theday,the calibrationwas checkedagain.The GC-FIDwascalibratedbeforesampleanalysis, andthecalibrationwaschecked afterall samples hadbeenanalyzed.
Other Calibration Information
The LI-6200 had been returned to the manufacturer for maintenance and calibration the month prior to the 1996 field experiment.
Data Acquisition Methods
Carbon dioxide fluxes were measured by setting the LI-6200 soil chamber on a collar and initiating a measurement on the main unit. The chamber was sealed to the collar with a ring of soft foam. Two to five flux measurements were first made with a mature (older than 12 hours), intact film on the water surface. After this, the film was carefully removed from the water surface by blotting it up with a paper towel. Another set of two to five flux measurements was made from this "clean" surface. The ratio of the means of these measurements indicates the amount of "capping" caused by the mature film. After clean surface measurements were made, further measurements were made at fixed time intervals, ranging from 30 seconds to 2 hours. The soil flux chamber was removed from the collar between measurements to prevent the excessive build up of carbon dioxide inside the chamber. In this way, all flux measurements were made at carbon dioxide concentrations that were near ambient levels. Samples for analysis with the GC-FID were collected by clamping the flux chamber to the collar and extracting 60-ml gas samples with a Teflon syringe. Samples were taken every 5 minutes for 30 minutes. Because of the lengthy sampling procedure, only "intact" and "clean" fluxes were measured by this technique.
The ratio of intact to clean carbon dioxide fluxes was compared to that obtained with the LI-6200 as a cross-check of data.
Observations
Data
Notes It is believed that data from LI-6200 collar 3 are the most reliable. This is based on better day-to-day reproducibility.
Field Notes
Planned time sequence fluxes were interrupted on 25-Jul-1996, 26-Jul-1996, and 27-Jul-1996. 
Data Description
7.2.3
Temporal Resolution Carbon dioxide flux measurements were made with the LI-6200 on time scales that ranged from 30-second intervals to 6-hour intervals. Each GC-FID flux measurement took 30 minutes.
Data Characteristics
Parameter/Variable
The parameters contained in the data files on the CD-ROM are: 
Unit of Measurement
The measurement units for the parameters contained in the data files on the CD-ROM are: 
Data Organization
Data Granularity
The smallest amount of data that can be ordered from the water surface film concentration data is the entire data set. The smallest amount of data that can be ordered from the water surface film flux data is a day's worth of data.
Data Formats
The BORIS received the data from TF-11 and loaded them into the data base.
9.2.2
Processing Changes None.
Calculations
Special
Corrections/Adjustments See Section 9.1.
Calculated Variables
• Carbon dioxide fluxes and average fluxes. • Time rates of change of methane and carbon dioxide concentration.
Graphs and Plots None.
None. 
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